, I. chelipes (Pallas, 1766) , and I. granulosa Rathke, 1843] are common meso-grazers that enter deep into the Baltic Sea and here appear to live at their physiological limit, determined by salinity and temperature tolerance. We review available data on distribution and community ecology to assess the functional role of Idotea in the Baltic Sea and how global change may affect essential ecological interactions. Data from the last 150 years suggest an on-going shift southward for I. chelipes and I. granulosa that may be caused by a changing climate. Several studies report local extinctions and mass abundances, which may be caused by a changing food web from over-fishing and eutrophication. The three species of Idotea have clear habitat segregation in the Baltic Sea, where salinity, temperature and vegetation are the main dimensions. Idotea spp. have a central role as grazers and in communities dominated by the perennial macrophytes Fucus spp. and Zostera marina and attain impressive feeding rates on a range of epiphytes/filamentous algae (top-down effect). Idotea can have both a direct negative grazing effect on macrophytes but also an indirect positive effect by removing epiphytes. The relative role of nutritional value and chemical defence for food preference is yet unclear for Idotea. Baltic idoteids are also important prey for several fish (bottom-up effect) and fish predation may have increased following overfishing of piscivorous fish. It is concluded that Idotea is a key taxon in the Baltic Sea food web, where guilds often contain few dominant species. Changes in population dynamics of Idotea, as a function of human generated global change, may have large-scale consequences for ecosystem functions in a future Baltic Sea, e.g. the extent of vegetation cover in the coastal zone.
INTRODUCTION
The Baltic Sea is the youngest regional sea in the Northern Hemisphere (about 13 000 years BP) and the world's second largest brackish environment. The most prominent feature of the Baltic Sea is the salinity gradient with almost freshwater in the northern Gulf of Bothnia to about 25 PSU at the boundary between Kattegat and the almost fully marine Skagerrak towards the North Sea. The reduced salinity makes the Baltic Sea a species-poor ecosystem (Bonsdorff, 2006) . Most successful colonizers of the Baltic Sea consist of species with a generally broad salinity tolerance, but it is still unclear to what degree Baltic species have evolved significant local adaptations to a brackish environment. Johannesson and André (2006) showed that Baltic Sea populations have reduced genetic variation compared to Atlantic populations, which may indicate selection for extreme genotypes and/or population bottlenecks during colonization.
The Baltic Sea borders on nine countries and is one of the most environmentally impacted coastal areas in the world with serious effects of habitat loss, eutrophication, pollution and over-fishing (Diaz and Rosenberg, 2008; Halpern et al., 2008; Eriksson et al., 2009) . There is * Corresponding author; e-mail: Sonja.Leidenberger@marecol.gu.se concern that the low biodiversity of the Baltic ecosystem may render it particularly susceptible to environmental deterioration with a low resilience capacity and potential loss of essential ecosystem services (Österblom et al., 2007) . It is thus important to improve overall knowledge about the mechanisms controlling the Baltic ecosystem with special emphasis on selected key species.
In the species-poor ecosystem of the Baltic Sea, several species can be regarded as key species since most guilds contain few or sometimes only one dominant species. Important benthic key species are the bladder wrack (Fucus vesiculosus and F. radicans), the suspension-feeding blue mussel (Mytilus trossulus/edulis), deposit-feeding amphipods (Monoporeia affinis (Lindström, 1855) and Pontoporeia femorata Krøyer, 1842) and meso-grazers of the isopod genus Idotea.
In Europe, eight different species of Idotea have been described, but only three of these species exist in the Baltic Sea: Idotea balthica (Pallas, 1772) (BA) , Idotea chelipes (Pallas, 1766) (CH) and Idotea granulosa Rathke, 1843 (GR) , inhabiting the bladder wrack belts (Fucus spp.) or eelgrass communities (Zostera marina). All three species (Idotea spp.) are common among the vagile fauna in the vegetation . Beside snails (Hydrobia spp.), amphipods, copepods, and ostracodes, BA is the numerically most important taxon of the Baltic eelgrass community Boström and Bonsdorff, 2000) . In the Fucus belt the abundance of Idotea spp. may account for up to 28% of crustacean grazers (Korpinen and Jormalainen, 2008) . Segerstråle (1932 Segerstråle ( , 1944b ) compared exposed and sheltered Fucus localities with different salinities in Finland and considered Idotea spp. among the most dominant of species, and Råberg and Kautsky (2008) described BA as the second most common crustacean. In the 1970's and 1980's together with an observed decline of the bladder wrack in the Baltic Sea, BA was described as an important grazer in the Fucus belt Haahtela, 1984; Hällfors et al., 1984) , and Idotea spp. are suggested as dominant benthic herbivores in the western Baltic Sea (Sommer, 1997) . Very high abundances of BA and GR in the bladder wrack belts have been reported (Jansson, 1974) and recently events of mass occurrence have been recorded Nilsson et al., 2004; Svensson et al., 2004) . However, some recent studies also describe declining distributions of Idotea Jephson et al., 2008) .
Successful attempts to predict ecosystem responses to environmental hazards, e.g., climate change, will depend on high-quality information on the Baltic ecosystem with emphasis on ecological interactions for key species and their evolutionary potential. We here review and analyse available information of the distribution and community ecology of the three species of Idotea and present a synthesis of their ecosystem role in the Baltic Sea and possible effects of ongoing environmental change. We explore the hypothesis that species of Idotea have changed their distribution patterns over the past 150 years. The ecological niche of the Idotea in the Baltic Sea is then sketched, and we hypothesize that Idotea are key species in the Baltic food web. Finally, we present a conceptual model of how environmental impacts may affect Baltic Idotea abundance and distribution through demographic and food web changes.
MATERIAL AND METHODS
Study Area The Baltic Sea is a shallow inland sea located in northern Europe ( Fig. 1) and one of the largest brackish water bodies in the world with a surface area of 390 100 km 2 (Lozan et al., 1996) . It is connected to the North Sea via the Skagerrak (about 33 PSU), the , the Danish straits and the Belt Sea (6-18 PSU, mean cross-section 0.35 km 2 ) ( Fig. 1 ). Hydrographically the natural boundary of the Baltic Sea is formed by the Danish Straits, whereas in a management context, the HELCOM (Helsinki Commission for the Protection of the Baltic Marine Environment) includes the Belt Sea and the Kattegat, motivated by the strong hydrographical influence from the Baltic Sea. The Baltic Sea consists of several sub-basins, separated by sills and other bathymetrical formations and the circulation is largely topographically bound in the subbasins (Fig. 1) . The thermocline ranges between 15-25 m depth during summer, but is deeper and weaker in the cold seasons. The halocline depth is between 40-80 m except in the Danish straits and in the Kattegat where the thermocline and the halocline coincide at about 15 m in the summer. The Baltic is microtidal (<10 cm) and water exchange is dominated by a surface outflow from the Baltic Sea through the Danish straits with a deeper, more saline counter-current entering into the Baltic Sea. The limited water exchange with the North Sea (residence time in the Baltic around 25-35 years, Lozan et al., 1996) combined with an outflow from around 200 rivers from the Baltic Sea drainage area create a stable salinity gradient from almost freshwater in the northern part to around 18 PSU at the exit. The geographical and hydrographical features largely determine the composition of the Baltic fauna and flora. At the entry more than 500 macrozoobenthic species can be found (the Arkona Basin), but species richness decreases dramatically to around 20 in the Bothninan Bay and Gulf of Finland (Bonsdorff, 2006) . A salinity of 5-7 PSU forms a natural barrier for both freshwater and marine species (Khlebovich, 1990) . The benthic communities that have colonized the Baltic Sea are the result of tolerance to this extreme environment and the history of a series of geological events influencing the salinity (like the Baltic Ice Lake 14 000-10 300 yrs BP, the freshwater Ancylus Lake 9500-8300 yrs BP and the brackish Littorina Sea 8300-3700 yrs BP), together with anthropogenic interventions mainly during the past century (like eutrophication, climate change, overfishing and the introduction of invasive species). Established flora and fauna in the Baltic Sea thus have both marine and freshwater origin.
Data Analysis
This study is based on a detailed survey of the literature from 1850-2011 (January), where the largest part is related to the Baltic Sea. This screening resulted in a total of around 300 publications with information about distributions and/or the ecological role of Idotea spp. in the Baltic Sea. A subset of 115 articles were used to sketch the distribution patterns, and additionally we investigated the collections of Idotea at the Finnish Museum of Natural History (FMNH) in Helsinki, Finland; the Zoological Museum Hamburg (ZMH), Germany; the German Oceanographic Museum (GOM) in Stralsund, Germany; the Zoological Museum in Berlin (ZMB), Germany; the Senckenberg Museum in Frankfurt (SMF), Germany; the Zoological Museum of the Zoological Institute of Russian Academy of Science (ZIN) in St. Petersburg, Russia and the Swedish Museum of Natural History (SMNH) in Stockholm, Sweden, to obtain more historical information about distribution patterns of the species during the 19 th century. Geographic data were visualised with a Geographic Information System (GIS software ArcView 9.2, ESRI, Redlands, California, USA).
Analysis of Temporal Change in Distribution of Idotea spp.
Based on the geographic positions of all recorded findings of BA, CH, and GR we calculated the mean longitude and latitude and also tested the null-hypothesis that the midpoint of distributions were identical for all species. The hypothesis of a temporal change in geographic distribution for all three species was tested with linear regressions of longitude and latitude against the year of recording. Correlations of Temperature and Salinity with Distribution of Idotea spp. From recorded geographic distributions we estimated the temperature-salinity envelope for all three species. This was done with a hydrodynamic model (Rossby Centre Oceanographic Model, Meier et al., 2003) , which modeled temperature and salinity for the Baltic Sea with a spatial resolution of 3.7 km, a vertical resolution of 3 m and a temporal resolution of 6 hours. From the position of each record of Idotea we extracted modeled temperature and salinity for the months June to August for the years 1995-2004, which well represent the North Atlantic Oscillation cycle (Hurrel and Deser, 2009) . We tested differences between the three species of Idotea in average temperature and salinity for the recorded locations with a 1-factor Anova for the geographic area defined by 54°N 12°E to 66°N 30°E.
Analysis of Temporal Change in Temperature and Salinity in the Baltic Proper
To explore if potential shifts in the geographic distribution of Idotea could be correlated with temporal changes in sea-surface temperature and salinity we extracted empirical data from HELCOM (http://ocean.ices.dk/Helcom/Default. aspx) for part of the Baltic Sea (58°N 17°E to 63°N 20°E) from the years 1960-2010. Temporal trends in temperature and salinity were tested with linear regressions. The subset between 58°-63°N was selected since this data set did not show any temporal trend in latitudinal sampling effort that could confound trends in temperature and salinity.
All scientific names used in this study conform to the nomenclature of the World Register of Marine Species (= WoRMS) (Appeltans et al., 2010) .
RESULTS
Distribution and Abundance of Baltic of Idotea spp.
As noted above, only three species of Idotea occur in the species-poor brackish water of the Baltic Sea: Idotea balthica (BA), I. chelipes (CH) and I. granulosa (GR). Maps of their distribution are shown in Figs. 2-4 with all references given in the on-line appendices (A: museum sources and B: literature sources). The European distribution patterns of Idotea are described by Naylor (1972) and Hayward and Ryland (1995) . More detailed information about distribution patterns in Scandinavia is published by Sars (1899) for Norway, by Segerstråle (1944a) for Finland and by Wahrberg (1930) for Sweden.
Idotea balthica
BA is the most recorded and investigated species in the Baltic Sea (Fig. 2) , probably due to its high abundance (Table 1) and the easily distinguished morphological characteristics in adults: the telson shows a tridentate posterior border, where the middle one is the largest (Fig. 2 , see also Sars, 1899; Naylor, 1955a; Sywula, 1964a; Gruner, 1965) . The telson protrusions are less well developed in the Baltic Sea compared to populations in the North Sea. BA occurs in the Limfjord, Skagerrak, Kattegat, and nearly the whole Baltic Sea (Fig. 2) . and Naylor (1972) mentioned the presence of BA for the Gulf of Bothnia without detailed limits, but the northernmost detailed description is from Hudiksvall, Sweden and Sideby/Stånggrund, Finland (Wahrberg, 1930; Segerstråle, 1944a; Gruner, 1965; Forslund, 2009) (Fig. 2) . The species does not enter the very low salinity area of the Gulf of Bothnia. BA is a dominating species in the Greifswalder Bodden, Germany (Schiewer, 2008) , the Stockholm Archipelago , and the Askö Area and Himmerfjärden in Sweden. It is also frequent at some places off the German coast (Mecklenburg Bay: Zettler et al., 2000; Falkenstein: Bobsien, 2006) and in the Gulf of Finland (Segerstråle, 1944a; Tvärminne: Salemaa, 1979) . According to Råberg and Kautsky (2008) BA is the second most common crustacean meso-grazer beside Gammarus spp. on the Swedish east coast. Mean abundance appears to be highest in the Cladophora glomerata zone, followed by the eelgrass (Zostra marina) community and the bladder wrack (Fucus vesiculosus/radicans) belt (Table 1) . For the eelgrass beds, BA is numerically one of the most dominant taxa Boström et al., 2002) with peak abundance in the summer (Bobsien, 2006; GohseReimann, 2007) . In contrast, the exposed Fucus belt hosts the maximum density of BA during winter (Askö Laboratory, Sweden: Haage, 1975) or in the autumn (Finnish Baltic Sea: Salemaa, 1978) (Table 1) . Korpinen et al. (2010) observed that the density of BA in the Fucus belt in Finland varied from a low in June to a peak in August (Table 1). Whereas the abundance of BA in the eelgrass beds of the Kiel Bay in Germany has been relatively constant over the last 30 years (Bobsien, 2006) , events of mass occurrence in Fucus belts have been reported both on the Swedish east coast Hällfors et al., 1984; Engkvist et al., 2000; Svensson et al., 2004) (Table 1) as well as in the Koiguiste Bay in Estonia (Kotta et al., 2000a) .
Idotea chelipes
The distribution pattern of CH in the Baltic Sea is similar to that of BA (Fig. 3) . In older literature this species is often called by the junior synonym I. viridis Sars, 1899 . It occurs in the Limfjord, Skagerrak, and Kattegat, as well as along the Swedish coastline up to the Stockholm Archipelago Sea and south in the Darß-Zingst Boddenkette, Germany. CH also extends into the Gulf of Bothnia (Naylor, 1972) and was recorded from Sideby/Stånggrund, Finland (Wahrberg, 1930; Segerstråle, 1944a; Gruner, 1965) (Fig. 3) . It does not penetrate as deep into the Gulf of Finland as does BA (Fig. 3) . Only one report mentioned this species in the Gulf of Riga, Estonia ). Segerstråle (1944a) reported that CH in general shows lower density and frequency than BA in the Gulf of Finland, but it can vary between different years and occasionally the abundance of CH is higher. For the Schlei-Fjord, Germany, the abundance of CH was highest between July-August (Betz, 1974; Lotze and Worm, 2000) , whereas the peak occurred in the autumn at Tvärminne, Finland (Salemaa, 1979; Kangas et al., 1982) . Schiewer (2008) considered CH among the dominating species in the Greifswalder Bodden, Germany. Korheina (1981) found that the abundances of BA and CH were similar at the Falsterbo Peninsula in Sweden. The abundance of CH decreases with increasing shore exposure . No mass occurrence has been reported for CH.
Idotea granulosa
The distribution pattern of GR differs from those of BA and CH (Fig. 4) . Nierstrasz and Schuhmanns Stekhoven Jr. (1926) and Naylor (1972) mentioned that the distribution of GR extends into the Gulf of Bothnia, but the northern- most confirmed finding is from around the Åland Islands (Fig. 4) . GR does not seem to enter far into the Gulf of Bothnia, the Gulf of Finland or the Limfjord. Data on distribution from the Baltic States are very limited (Fig. 4) . Moreover, identification of GR and CH may be uncertain since they are easily confounded in the Baltic Sea due to Table 1 . Average abundances in different habitats of BA, CH and GR in the Baltic Sea (G = Germany, E = Estonia, F = Finland, S = Sweden; ind. = individuals, ww = wet weight). * = This measurement is from 1922 when it was not known that different species of Idotea exist in the Baltic Sea. + = Different localities. ∧ = 196 g ww Fucus. Many studies report low abundances of GR, typically only few individuals (Hällfors et al., 1984; Zettler et al., 2000) , which is in contrast to BA and CH (Segerstråle, 1944a ; Korheina, 1981; Wikström and Kautsky, 2007) . However, on fully exposed shores in the outer archipelago GR can be the dominant species of Idotea (Forsman, 1956; Sywula, 1964b; Salemaa, 1979) . Maximum densities occur during summer (Falsterbo Peninsula, Sweden: Korheina, 1981) or in the autumn (Askö Laboratory, Sweden: Haage, 1975 ).
Only Engkvist et al. (2004) have reported mass occurrence of GR (Table 1) .
Analysis of Temporal Change of the Distribution of
Idotea spp.
Over the investigated time period (1849-2010) both CH and GR showed a significant (p < 0.05) temporal shift towards the south in the Baltic Sea. The latitudinal shift over the time period was 1.15°and 1.5°for CH and GR, respectively. No latitudinal trend was detected for BA, or any longitudinal trends for any of the three species.
Habitat and Niche Analysis for Idotea spp. in the Baltic Sea Salinity, temperature and wave forcing are known to strongly influence littoral communities. In the microtidal Baltic Sea, the species of Idotea are mostly found in the canopy of Fucus vesiculosus and in the Zostera marina belt (Table 1) . Water transparency (Secchi depth) has deteriorated over the past 50 years, probably caused by eutrophication (Sandén and Håkansson, 1996) , and has led to an upward shift of many macrophytes in the Baltic Sea. This has most likely also affected the habitat of Idotea. Today, F. vesiculosus can be found in the Baltic Sea from 0.2 down to 5.5 meters while it occurred down to 10 m 50 years ago (Schories and Wilhelmsen, 2006; Torn et al., 2006) . The usual depth of Zostera in the Baltic Sea is 2-4 m (extremes: 1-10 m), but at some localities (Germany, Poland) the maximum depth of Z. marina has been reduced from 6 m (in 1960) to less than 2 m (Boström et al., 2003) . During wintertime Idotea spp. supposedly take shelter in deeper waters to escape the ice cover (Fig. 5) . Kangas et al. (1982) mentioned juveniles over-wintering in the Fucus belt, but in general they are rarely found in the littoral zone during the winter months. In spring, Hørlyck (1973b) observed that BA migrated earlier to the littoral than GR, but also disappeared before GR in autumn. During ice-free winters, downward migration may be less pronounced (Haage, 1975) . The habitat and niche description for Baltic Idotea spp. can be found in Table 2 as well as Figs. 5-6. BA is a typical inhabitant of the middle zone of the littoral, generally shallow waters with varying wave exposure. It can be dominant at exposed as well as at sheltered sites (Korheina, 1981; Kangas et al., 1982) . Orav- Kotta and Kotta (2004) suggested that more exposed habitats allowed BA to escape from predation. According to Haage (1975) , BA occurs in lower numbers at sheltered sites than CH. Engkvist et al. (2004) argued that wave exposure determines the choice of microhabitats, based on observations that BA in weak water movements grazed both on F. vesiculosus and F. serratus, whereas in strong water movements BA mainly occurred on the more exposure-tolerant F. vesiculosus. Outside the Baltic Sea, Idotea is often found rafting on floating seaweed (Gutow et al., 2007) . For the Baltic Sea rafting idoteids have up to now only been reported on drifting algal mats after mass-blooms of annual algae in the Koinguiste Bay, Estonia (BA and CH, Lauringson and Kotta, 2006) , the open sea north-west of the Åland islands (Idotea spp., Bonsdorff, 1992) or on floating Zostera blades in the Kiel Bay (M.
Thiel, personal communication).
CH occurs more closely to the shore or in lagoons and mainly in the surface layer down to some meters (Zettler, 1999; Lapucki and Normant, 2008) (Fig. 5 ), but some extreme observations down to 30 m exist (Jazdzewski, 1970; Bobsien, 2006) (Table 2) . CH does not occur in open coast regions (Sywula, 1964b) . The species is characterised by a wide salinity range (Fig. 6 ). CH prefers exposed sites that are fully to moderately exposed (Forsman, 1956; Sywula, 1964b; Lapucki et al., 2005) , but CH can also be found in shallow and sheltered sites (Jazdzewski, 1970; Kangas et al., 1982; Hällfors et al., 1984) , like the inner Archipelago Sea (Salemaa, 1979 (Salemaa, , 1986 . Where CH is found in sheltered sites it is often the dominant idoteid and can constitute up to 77% of all isopods (Jansson and Matthiesen, 1971; Korheina, 1981; Zettler, 1999; Jazdzewski et al., 2005) , although Salemaa (1979) reported a shared dominance at sheltered sites for BA and CH in the Finnish Archipelago Sea. CH is numerous on breakwaters (Sywula, 1964b) and often a dominant species in the eelgrass community (Bobsien, 2006) . There are only few studies describing the small-scale distribution for GR, which is relatively rare in the Baltic Sea. It prefers strong water movements and is restricted to fully exposed shores and beaches (Forsman, 1956; Sywula, 1964b; Salemaa, 1986; Engkvist et al., 2004) (Fig. 5) . In open Baltic Sea localities GR can occur at higher abundances than CH . GR can be found in the surface water down to some meters (Haage, 1975; Korheina, 1981; Salemaa, 1985; Engkvist et al., 2004) . Whereas Forsman (1956) maintained that the species never goes deeper than 3 m, Zettler et al. (2000) found GR in a sample from 10.5 m (Table 2) . GR mostly occurs in open coast regions (Fig. 5) . The salinity range of GR in the Baltic varies between 4.6-24.7 PSU (Table 2) .
Based on recorded distributions of Idotea and modeled temperature and salinity we found that CH on average occurs at higher summer temperatures than BA and GR (Student-Newman-Keuls, p < 0.05), while BA, on average, occurs at lower salinities than CH and GR (StudentNewman-Keuls, p < 0.05) (Fig. 6 ). This coincides with the geographical observations, and salinity ranges described above. Whereas CH is a typical brackish-water species and can be found in a wide salinity range, it is surprising that BA has penetrated deep into the brackish-water of the Baltic Sea. Our analyses also suggest that BA and CH differ in their temperature preferences (Fig. 6 ). In the analysis of historical data (HELCOM) on temperature and salinity for the Baltic Sea we detected a significant increase between 1960 and 2010 in surface temperature of 0.06°C per year (p < 0.0001) and a declining salinity of 0.014 PSU°per year (p < 0.0001). These changes may have caused a shift in the distribution of Idotea in the Baltic Sea (see Discussion).
Community Composition and Habitat Segregation
On the rocky shores of the Baltic Sea, Idotea spp. are limited to a few habitat types determined by the low species diversity of macroalgae, phanerogams, and their epiphytes. The benthic community serves both as a food source and as shelter against predators. Species of Idotea use a range of vegetation types as substratum/shelter, but fewer as a nutritional source. All reported types of vegetation hosting Idotea are listed in Table 3 . The typical hard-bottom habitat for Idotea spp. in the north-eastern Baltic Sea consists of the dominant macroalga Fucus vesiculosus/radicans together with some smaller species, e.g., Pilayella littoralis, Cladophora glom- Spooner, 1947 and BA where the biomass of BA was negatively affected by the amphipod. Betz (1974) observed that the population of CH decreased dramatically in August after a mass occurrence of the isopod Lekanesphaera hookeri (Leach, 1814) in the Fucus belt in the Schlei, Germany, due to competition for food and space. BA is most abundant on Fucus vesiculous in the Baltic Sea (Salemaa, 1979; Korheina, 1981; Kangas et al., 1982; Jormalainen et al., 2008) , which is the preferred microhabitat compared to Cladomphora glomerata, Chorda filum, Ulva intestinalis, and Ceramium (Orav- Kotta and Kotta, 2004) and to Potamogeton pectinatus, Zostera marina, Z. palustris, and C. glomerata . In declining Fucus belts, BA preferentially occurs on Furcellaria lumbricalis compared to Pilayella littorlis (Kotta et al., 2000a) . Vesakoski et al. (2008) found no structural host preferences between the sexes, whereas Merilaita and Jormalainen (1997, 2000) observed that males and females differed in their preferred microhabitat and the host choice (Jormalainen et al., 2001a) . Males stayed more on apical than on basal parts of F. vesiculosus, while the females stayed equally often on both parts (Jormalainen et al., 2001a) . Before females release their brood, however, they switch from F. vesiculosus to C. glomerata (Jansson and Matthiesen, 1971) . Juveniles of BA and CH are most abundant on C. glomerata (up to 100 ind. g −1 dw algae or 28 000 ind. m −2 ) (Jansson and Matthiesen, 1971; Jansson, 1974; Salemaa, 1979) . After rapid growth the juveniles switch from filamentous algae (C. glomerata) in the upper littoral to the epiphyte P. littoralis and then, finally, to the deeper Fucus belt (Salemaa, 1978; Kangas et al., 1982) , where they reach sexual maturity (Salemaa, 1979) . This could be a reason, while the abundance is highest in the C. glomerata zone (see Distribution and Abundances) ( Table 1) . BA has been found, e.g., on bryozoans and on hydroids attached to hard substrates , on different sediments types (sand, mud, clay, rocks, gravel, pebbles), under stones, and in Mytilus edulis/trossulus beds (Anger, 1975; Jormalainen and Tuomi, 1989 ; material from the SMNH). Jormalainen and Tuomi (1989) found a preference of female BA for the underside of stones and Mytilus shells, whereas the males often were found on light-green apical parts of Fucus. BA also occurs in seagrass beds at moderate to high densities Boström et al., 2002) .
CH occurs on a more narrow range of vegetation types compared to BA (Table 3 ). In Tvärminne, Finland CH showed a tendency to prefer the epiphyte Dictyosiphon as a microhabitat (Salemaa, 1979) . CH can also be found on a diversity of bottoms, like clay, sand, detritus, salt marsh or stones and gravel. Korheina (1981) found that CH dominated over BA and GR on sandy clay and soft detrital material at the Falsterbo Peninsula, Sweden.
GR can be found on similar algal species and substrates as CH (Table 3) . GR has been reported only from few sediment types, like sand with scattered rocks, large stones and rocks or pilings covered with vegetation (Sywula, 1964b; Korheina, 1981 ; material from the SMNH). Zettler et al. (2000) found GR on Delesseria sp. (Table 3 ). In an experiment of habitat choice Idotea spp. from the Falsterbo Peninsula, Sweden favoured Ruppia spiralis (Korheina, 1981) . In the presence of BA, however, GR shifted its preference to Chorda filum and in the presence of CH to F. vesiculosus. Korheina (1981) suggested a lower competitive ability for GR, which was supported by the dominance of BA and CH at exposed localities at the Falsterbo Peninsula, Sweden.
Habitat segregation for Idotea in the Baltic Sea seems to depend on the local habitat structure. BA and CH coexist at different sheltered places in the Baltic Sea (Korheina, 1981; Sommer, 1997; Zettler, 1999 ; own observations). Moreover, BA was observed together with GR at fully exposed sites in the outer archipelago or on rocky shores (Salemaa, 1978 (Salemaa, , 1979 own observations) . Coexistence of all three species at exposed sites is possible, but rarely described (Korheina, 1981) . Competitive interactions are not well described, but BA showed decreased abundance in its preferred microhabitat in the presence of CH or GR (Salemaa, 1987) (Fig. 5) .
Mobility
Baltic specimens of Idotea are small crustaceans and show relatively weak mobility (Jansson and Källander, 1968; Salemaa, 1978; Lapucki et al., 2005 ; own observations). Species of Idotea are poor long-distance swimmers (probably few kilometers) and swimming is sporadic including short excursions from alga to alga. According to Jansson and Käl-lander (1968) , BA and GR avoid swimming up into the free water-column. Across substrata, e.g., seaweed surfaces, Idotea move by means of crawling. Nevertheless, Idotea are more mobile than some other meso-grazers, e.g., some amphipods and gastropods. BA swims actively, especially the males, in search for food or for mates (Merilaita and Jormalainen, 1997; Boström and Bonsdorff, 2000; Jaschinski, 2007) . CH is a less active swimmer than BA (Jansson and Matthiesen, 1971) . For GR, Pavia et al. (1999) suggested a size-dependent mobility: as the body size increases, mobility decreases. However, generally Idotea spend most time feeding attached to a host plant. Activity patterns strongly depend on season and light intensity. For Idotea the activity is high through the summer and during spring and in the autumn the activity is highest at night (Jansson and Källan-der, 1968; Hørlyck, 1973a) . Jansson and Källander (1968) reported that activity increased for BA below 400-800 lux. During the winter season Hørlyck (1973a) could not observe any swimming activity (for BA: November-March; for GR: September-March).
Food Preferences The species of Idotea are able to use several food types as nutritional source (Table 3) . Food preference appears to differ between species, microhabitat and locality. Naylor (1955b) described Idotea as mostly omnivorous. Under laboratory conditions both cannibalism and feeding on moulted exuviae have been observed (Sywula, 1964b; Jansson and Matthiesen, 1971; Sommer, 1997; own observations) . Thus Idotea, especially BA, are considered an omnivore and not only a herbivore in the Baltic Sea (Table 3 ). In the Baltic Sea, Salemaa (1978) suggested that adults are potentially omnivorous scavengers and Gohse-Reimann (2007) fed BA with chironomid larvae. BA seems to thrive on plant food as well as on food of purely animal origin (dead conspecifics, dead dipteran larvae, freshwater oligochaetes) (Sywula, 1964b) . Fluorescence microscopy of fecal pellets indicated a broad diet for BA in the Baltic Sea ) with a diet including microalgae (including diatom chains), bacteria and planktonic animals (Sommer, 1997; Svensson et al., 2004; Jaschinski and Sommer, 2008) . In gut analyses of BA, detritus and bacteria also have been found (Möbius, 1873; Jephson et al., 2008) . However, Idotea are strongly associated with vegetation (Table 3 ) and among the ecologically most important grazers in the Baltic Fucus belt (Engkvist et al., 2000 (Engkvist et al., , 2004 Jormalainen et al., 2008; Råberg and Kautsky, 2008 ) and eelgrass beds (Zostera marina) Jaschinski and Sommer, 2008) . Their grazing activity can have substantial impact on the biomass and community structure, especially on epiphytes of macroalgae or seagrass. Published grazing rates are listed in Table 4 and Salemaa (1987) suggested that feeding rates are proportional to the size of the species. Both males and females prefer Fucus not only as food, but also as shelter Salemaa, 1987; Engkvist et al., 2000; Nilsson et al., 2004) .
BA is very common on F. vesiculosus, and is one of its most important herbivores , but other species like F. serratus, F. evanescens, and F. radicans are also consumed Engkvist et al., 2004; Forslund, 2009 ). Forslund (2009) suggested that selective grazing limited the southern range of F. radicans. In general, grazing occurs on all parts of the Fucus thallus, younger tissue , as well as older parts (Salemaa, 1987) . On the Swedish east coast most grazing activity on Fucus spp. was observed in autumn (October-November) and overlaps with observations from the Finnish Archipelago Sea. While Salemaa (1987) reported more effective grazing by females than by males, Merilaita and Jormalainen (2000) found that males consumed significantly more food than did females. Females preferred the lower, old parts of F. vesiculosus and males the younger, apical parts Merilaita and Jormalainen, 1997) . This difference in feeding behavior coincides with the habitat segregation of the genders, where males occur more on the upper parts of the algae while females seem to prefer the more sheltered, lower parts. Moreover, feeding on decaying parts and dead Fucus algae was observed (Sywula, 1964b; Haahtela, 1984) . Juveniles of BA often feed on the filamentous green alga Cladophora glomerata, which is described as a nursing ground (Salemaa, 1978; Haahtela, 1984) , or on the brown alga Pilayella littoralis. Adults seem not to be well adapted to Cladophora where they have been observed to get entangled in the algal filaments and die (Orav-Kota and .
Interestingly, adults from different localities appear to differ in their feeding preference , although in most cases Fucus vesiculosus was favoured over other species (Korheina, 1981; Haahtela, 1984; Jormalainen et al., 2001b) . In a study of BA from the Falsterbo Peninsula, Sweden (Korheina, 1981 ) the green alga Ulva lactuca was the least consumed, while U. lactuca was the most preferred (together with larvae of Chironomus spp.) in a Zostera marina-community at Falkenstein, Germany (Gohse-Reimann, 2007) . BA feeding directly on the eelgrass Zostera marina has only been observed during an experimental study in Finland and epiphytic algae appear to form the major food source in eelgrass communities . Kotta et al. (2004) have also observed seasonal grazing on Charophytes with a peak in October. Nicotri (1980) suggested that BA selects host plants more based on its robustness as a microhabitat than its attractiveness as a food source. However, in this trade-off the food choice (= epiphytes) seems to be more important for the grazer than shelter (Boström and Mattilla, 1999) .
Epiphytes, mainly filamentous algae, are an important food source for Idotea. Eelgrass growth appears to be positively affected by grazing from BA through removal of epiphytes, which may increase seagrass productivity up to 40% in mesocosm experiments (Jaschinski and Sommer, 2008) . Thus, in addition to abiotic factors (temperature, light, nutrients), grazing from BA can control the epiphyte growth on seagrass. BA significantly preferred filamentous algae, like Cladophora spp., Pilayella littoralis and Furcellaria lumbricalis, after massive increase of filamentous algae or a decline of Fucus or when BA was exposed to longer starvation periods (Kotta et al., 2000a; Goecker and Kåll, 2003) . In Estonia, BA showed low long-term grazing rates of 2.2% of the Furcellaria lumbricalis and of 4.7% of the Pilayella littoralis production (Kotta et al., 2000a; Orav-Kotta and Kotta, 2004 ). In contrast, based on the dry weight changes of P. littoralis in a 48-hour experiment, the short-term grazing rate from BA was 400% of the algal production (Orav- Kotta and Kotta, 2004) . Despite such high short-term grazing rates, BA seems generally unable to control the formation of the enormous mats of filamentous algae frequently observed in the Baltic Sea.
Chemical composition of the diet often plays an important role in food preferences of herbivores (Paul et al., 2001 ). In general, grazers prefer parts with high nitrogen to carbon content as well as sugar-rich parts of the algae and avoid defensive compounds like phlorotannins (often in high concentrations in basal parts of F. vesiculosus ). Some studies have shown that BA prefers algae with low levels of phlorotannins or non-grazed parts (Wikström et al., 2006; Yun et al., 2010) , while other studies have found no response or even attraction to phlorotannin-rich parts (Jormalainen et al., 2001b . Further studies are necessary to investigate the relationship between Idotea spp. grazing and phlorotannin production in Baltic Sea Fucus spp.
Little information is available on the food preference of CH (Table 3 ) and on consumption rates (Table 4) . Similar to BA, adults of CH are often found on F. vesiculosus. Salemaa (1987) observed the highest feeding preferences for old stipes of Fucus vesiculosus for males of CH. CH are also reported to consume macroalgae of the genera Ulva Orav- Kotta and Kotta, 2004 and Cladophora in the Polish Baltic Sea Lapucki and Normant, 2008) . Betz (1974) observed that juveniles of CH were not associated with F. vesiculosus, but with diatom films and different chlorophytes. Sommer (1997) investigated grazing pressure of adult CH on epiphytic diatoms and cyanobacteria, and it was suggested that CH has the potential to drive succession in periphyton communities. Reported diets of GR include all sorts of algal material in the Baltic Sea (Salemaa, 1987) , but detailed studies are rare (Table 3 ). In the Skagerrak GR is the most abundant crustacean on the knotted wrack Ascophyllum nodosum (Pavia et al., 1999) . Large GR (>10 mm) fed mostly on meristematic apices, while the small conspecifics (3-8 mm) preferred the macroepiphytes on A. nodosum. The opposite pattern was reported from Karez et al. (2000) , where GR preferred older parts instead of meristematic tissues of the brown alga Fucus vesiculosus. Both studies noticed a significant preference for the epiphytes on the macroalgae. Neither nutritional values nor effects of chemical defence were investigated, but Toth (2007) observed that different seaweed species from the Skagerrak coast developed induced resistance in response to direct grazing of GR.
Predators on Idotea spp. Idotea are important food sources for numerous predators. Some Plathyhelminthes, e.g., Provortex balticus, Promestostoma mamoratum, Convoluta spp., feed on Idotea, which can make up to 17% of their total diet (Jansson, 1974) . The decapod shrimp (Palaemon elegans Rathke, 1837 and P. adspersus Rathke, 1837 ) are known to consume BA . The goosander duck Mergus merganser is reported to feed exclusively on Gammarus and Idotea during the first half of August in the Finnish Archipelago Sea (Segerstråle, 1944b) . However, the main predators on Idotea are fish (Sywula, 1964b; Salemaa, 1978; Korheina, 1981; Bobsien, 2006) . Analyses of stomach contents showed that BA and CH were eaten by 23 different Baltic marine and freshwater fish species (Salemaa, 1978; Bobsien, 2006) (Table 5 ). Significant predators feeding on Idotea are perch (Perca fluviatilis), cod (Gadus morhua) and eelpout (Zoarces viviparus) (Jansson and Källander, 1968; Haahtela, 1984; Jormalainen and Tuomi, 1989; Engkvist et al., 2000) . Around Vilm island/Greifswald Lagoon the straightnose pipefish Nerophis ophidion (20% of gut content) and the black goby Gobius niger (>60%) were the most important predators on CH, whereas at Falkenstein/Kiel Bay BA was mainly consumed by sand gobies (Pomatoschistus minutus) (>10%), fifteen-spined stickleback (Spinachia spinachia) (>60%) and Zoarces viviparus (>40%). For the latter two species, Bobsien (2006) described that young isopods were preferred (size: 1.4-3.8 mm), but in some cases individuals up to 15.3 mm were consumed. Korheina (1981) observed that Z. viviparus preferred the smaller CH over the larger BA. When body length reached >16 mm, BA seemed to escape predation from S. spinachia (Bobsien, 2006) .
The Fucus belt forms a mosaic of microhabitats of different colours and shades. Evolution of polymorphic cryptic colouration appears to be an adaptation of Idotea to reduce predation. Predation experiments with Z. viviparus and Cyclopterus lumpus by Salemaa (1978) showed that apostatic selection is involved in maintaining the balance of colour polymorphism of BA. Five major phenotypes of BA exist (uniformis, albafusca, maculata, bilineata and lineata) , where the uniformis type is the most abundant in the Finnish Archipelago Sea followed by albafusca (Salemaa, 1978; Merilaita, 2001) . The lineata type does not exist in the northern Baltic. Phenotypic diversity is lower in fully exposed habitats and may be a consequence of the less diverse Fucus communities at fully exposed sites (Salemaa, 1978) or lower predation pressure. Males are often lighter than females and are found more often on brightly coloured and exposed apical algal parts (Jormalainen and Tuomi, 1989) . Both sexes also have the ability to adjust their colour intensity according to the background colour. BA is more active by night than by day, especially for males in the breeding season (Merilaita and Jormalinen, 2000) . The preference for a dark background is stronger at day than at night. The visual protection from predators probably plays a central role in the selection of microhabitats and seems more important for females than for males (Merilaita and Jormalainen, 2000) . However, under laboratory conditions Boström and Mattila (1999) observed that habitat choice of BA was not affected by the presence of perch (Perca fluviatilis). Independently of the presence of the predator, a habitat with low density of Zostera marina leaves (but with epiphytes) was still preferred over one with a higher leaf density (= more shelter).
DISCUSSION Changes in Distribution
The maps for the three species of Idotea in the Baltic Sea indicate that the large-scale distribution has remained fairly constant during the last 150 years (Figs. 2-4 ), but our analyses found a significant shift towards the south for CH and GR. Although such trends in recorded distributions should be interpreted with caution, there are several examples of distributional changes on the regional scale in the Baltic Sea during the last decades. Whereas Bobsien (2006) mentioned a relatively constant abundance of BA in the eelgrass beds of the Kiel Bay over the last 30 years, the survey by Zettler et al. (2000) found only sporadic individuals of GR along the German Baltic coastline. Along the Polish coast, all three species of Idotea were common during the 20th century, but more recent studies could not find GR in the Bay of Puck nor in the Bay of Gdansk, suggesting a long-term change in distribution (Sywula, 1964b; Jazdzewski et al., 2005) . Lapucki and Normant (2008) pointed out that CH is now most abundant in the Gulf of Gdansk whereas several other benthic species have disappeared through many ecological changes in this region. In contrast, Kotta et al. (2000b) observed that CH is now very rare in extensive areas of the Gulf of Riga compared to the 1970s. The authors proposed that the decline of CH probably reflects the decreasing cover of benthic vegetation in the area since also other phytophilous species have declined, e.g., Jaera albifrons Leach, 1814, Asellus aquaticus (Linnaeus, 1758) , and Lymnaea peregra. Similar patterns were observed by Orav- Kotta et al. (2004) for BA in the Väinameri Archipelago Sea, Estonia where BA has declined from high abundance in 1960s. There is a rather dramatic decline of Idotea spp. along the Swedish West coast (Skagerrak and Kattegat). Collections at the SMNH and data from Wahrberg (1930) indicate that Idotea used to be numerous at several locations, e.g., in the Gullmar and Koster Fjords. Baden and Pihl (1984) described Idotea occurring at high abundances and during the whole season in the Gullmar Fjord, but today especially BA and CH occur in low densities (personal observations) or may even be difficult to find Moksnes et al., 2008) . We might speculate that the decline of Idotea in the Kattegat and Skagerrak is caused either by high nutrient loads and the loss of Zostera beds (about 58% since the 1980s [Baden et al., 2003 ]), and/or changes in the food web by overfishing (Baden et al., 2010; Fig. 7) . The Skagerrak and Kattegat form an important transition between the Atlantic and the Baltic Sea. If this corridor is disappearing as a habitat for Idotea, the Baltic populations will become increasingly isolated from the Atlantic populations. Dispersal from Atlantic populations into the Baltic Sea is further constrained by the water circulation where transport of surface water is mainly out from the Baltic Sea. In addition to possible trends the temporal change in distribution of Idotea also seems to be driven by local extinctions and mass occurrences, which are described for some parts of the Baltic Sea (Table 1, Fig. 7) . Mass occurrences may appear in cycles although data are still scarce (a first occurrence in the late 1970's and early 1980's: Kangas et al., 1982; Hällfors et al., 1984 , and a second around 2000: Engkvist et al., 2004) , but were observed to stretch along a 100 km coastline.
The Habitat of Idotea spp.
Salinity conditions mainly determine the potential habitat of the species of Idotea in the Baltic Sea (Figs. 5-6 ). GR is obviously not able to tolerate low salinity as well as the other two congeners, which is reflected in its distribution pattern coinciding with higher salinities. CH may escape competition with the other two species by tolerating periods of very low salinity (Figs. 5-6 ). BA, in contrast, prefers more saline waters (Zettler, 2000 (Zettler, , 2001 , but in our analyses BA is the most abundant idoteid in the northern Gulf of Bothnia and penetrates deeper into the Gulf of Finland than do CH and GR (Figs. 2-4) , where the salinity is lower. In experimental studies CH is known to have a better osmoregulatory capability compared to BA and GR (Hørlyck, 1973b) . So why does CH not enter deeper into the Gulf of Bothnia and the Gulf of Finland? It may be speculated that the average temperature also plays an important role for the habitat of CH. BA is known to be better adapted to rapid temperature changes than sudden salinity changes (Bulnheim, 1974) , whereas CH may prefer warmer temperatures (Fig. 6 ), which coincides with the preferred habitat of CH in lagoons and estuaries (Zettler, 2000 (Zettler, , 2001 and the limit of distribution in the Baltic Sea. Experimental studies of osmoregulatory ability also suggest that salinity and temperature may interact to limit CH to higher salinities in high temperatures (Vlasblom et al., 1977) . Distribution limits for Idotea in Europe outside the Baltic Sea are not well known. Individuals of Idotea spp. from Vaideguba/Finnmark, North Norway and the Kola Peninsula, Russia collected during the Sandeberg expedition (1877) are reported in the Idotea collection of the SMNH. In addition, Ingolfsson (1992) reported GR in Finnmark, Northern Norway. However, the winter-spring water temperatures are generally lower in the Baltic Sea than in many of these subarctic regions. According to Sywula (1964b) , BA occupies the ecologically most favourable sites (mostly deeper and protected areas) in the Baltic, and may displace GR to regions with more water movements and ecologically less favourable areas (open sea, surf zone, manmade structures). Sywula (1964b) proposed the theory that CH entered into the present Baltic Sea between the geological transition from the Ancylus Lake to the Littorina Sea about 7500 yrs BP. He argued that CH was the only species of the North Sea Idotea, which was able to penetrate early into the newly formed Littorina Sea due to its ability to colonize estuaries and lagoons. Moreover, CH is resistant to wave exposure and could supposedly spread widely in the new habitat. With increasing salinity several marine species invaded the Littorina Sea, like BA and GR. They moved northwards and eastwards along the vegetation belt and pushed CH into isolated lagoons again.
Little is known about population structure or the presence of local adaptations of Idotea in the Baltic Sea. Individuals of Idotea are brooders, which could facilitate evolution of local adaptations. Dispersal of juveniles in the coastal circulation is probably the main mechanism, but all species of Idotea are known to disperse through rafting on drifting seaweed (Gutow and Franke, 2003) , although this is not yet described for the Baltic Sea. Future studies of population genetics may resolve the question of population structure throughout the Baltic Sea and beyond.
Trophic Interactions and Grazing Effects
Idotea may play an important ecological role in the Baltic Sea through grazing in biotopes formed by the foundation species F. vesiculosus and Zostera marina Boström and Mattila, 2005) . Grazing can affect these macrophytes indirectly by reducing the epiphytes (possible positive effects) or directly by feeding on the macrophyte tissue (negative effect). The effect of Idotea thus depends on their food choice and the grazing intensity, which is mainly a function of their abundance (Jaschinski, 2007) . However, the numerous studies on grazing by Idotea on macrophytes and their epiphytes cannot be easily generalised. Fucus vesiculosus seems to be most preferred by Idotea spp. both as a nutritional source and as a habitat, but several studies show that Idotea are also able to switch to several other food sources and habitats in the Baltic Sea (Table 3) . High flexibility in terms of food and habitat characterises Idotea in the Baltic Sea (Fig. 7) . Fucus vesiculosus is the only large, perennial alga in the Baltic Sea forming a complex habitat structure, which does not disappear during the winter (Jormalainen et al., 2001b) . The occasional preference of BA for phlorotannin-rich algal species, e.g., F. vesiculosus, suggests an adaptation/co-evolution to brown algae, maybe a local adaptation for Baltic Sea populations (Jormalainen et al., 2001b; Hemmi and Jormalainen, 2004) . The contrasting results for grazing rates as a function of phlorotannins are interesting and call for further studies.
High grazing rates of Idotea on epiphytes could reduce ecosystem-wide negative effects from eutrophication by removing epiphytes from foundation species like F. vesiculosus and Z. marina. Råberg and Kautsky (2007b) showed that a consumer community of BA and the gastropod Theodoxus fluviatilis significantly reduced the epiphytic biomass. However, experimental studies indicate that Idotea spp. cannot always control outbreaks of filamentous epiphytes Kotta et al., 2006) . Nevertheless, in experimental studies BA was able to reduce the epiphytes on Z. marina with nearly 50%, which enhanced eelgrass production with up to 63% (Jaschinski, 2007) . Boström and Mattila (2005) reported a six-fold higher feeding rate on epiphytes than on Zostera marina (Table 4) indicating a net positive effect on the eelgrass. In field experiments in the western Baltic Sea, Worm et al. (2000) found that meso-grazers, including BA and CH, could partially control epiphytes and buffer against moderate eutrophication. However, under highly eutrophicated conditions Idotea do not seem to be able to control the formation of epiphyte blooms in the Baltic Sea. Lotze and Worm (2000) suggested that there might be a critical bloom intensity to escape herbivore control. Other studies from the American Pacific and Atlantic coast found that Idotea resecata and BA enhanced eelgrass growth and reduced the epiphytic biomass more than other herbivores (Williams and Ruckelshaus, 1993; Duffy et al., 2001) . Idotea may also graze directly on F. vesiculosus and Engkvist et al. (2000) showed that the depth distribution of F. vesiculosus was correlated with the density of BA. This density-dependent grazing effect can have vast impact on the Fucus belt and major declines of the Fucus belts along the Swedish southeast coast have been correlated with the mass occurrences of BA Nilsson et al., 2004; Fig. 7) . The community effect of Idotea grazing apparently varies in time and space in the Baltic Sea and this definitely deserves further attention.
A Changing Food Web
The Baltic Sea is one of the most human impacted coastal areas in the world with eutrophication, over-fishing, and contaminant pollution as the main environmental stressors (Diaz and Rosenberg, 2008; Ducrotoy and Elliott, 2008; Halpern et al., 2008) . Intense fishing in the Baltic Sea has dramatically changed the fish community with possible cascading effects through the food web (Baden et al., 2010) . A clear decline in cod, herring and flounder is noticed and all stocks have undergone a strong change in abundances (Hammer et al., 2008) . In the Kiel Bay, Bobsien (2006) found a disappearance of large species like cod and flatfish in eelgrass meadows that coincided with an increase of the proportion (biomass) of small-sized fish from 1.6% to 36% between 1975-2006 . It was suggested that this increase of small-sized fish, e.g., the fifteen-spined stickleback (Spinachia spinachia) and the viviparous blenny (Zoarces viviparus), might control Idotea spp. populations in eelgrass beds in the southern Baltic Sea (Fig. 7) . Eriksson et al. (2009) found a strong negative correlation between the abundance of piscivorous fishes, e.g., perch (Perca fluviatilis) and pike (Esox lucius), and the large-scale distribution of bloom-forming macroalgae in the Baltic Sea, where smaller fish preying on invertebrates had significant effects on the meso-grazer community and on the production of ephemeral algae. Thus, excluding larger predatory fish may have top-down cascading effects via an increase of small fish that may control invertebrate grazing on epiphytic algae and macrophytes (Fig. 7) . The presence of cascading top-down effects from fish predation on meso-grazers, including Idotea spp., was supported in a field experiment by Korpinen et al. (2007) in the Archipelago Sea. At present, it is not clear how strongly predators may control Idotea and if this may even lead to local extinction.
An opposite, bottom-up effect is also possible driven by the on-going eutrophication of the Baltic Sea. The Baltic Sea has been eutrophicated since the 1950's (reviewed by Voss et al., 2011) and the high nutrient load has strongly increased the growth of epiphytic and filamentous algae, which form a food resource for Idotea spp. (Fig. 7) . As a consequence, common meso-grazers like Idotea are able to increase in population size, and events of mass occurrence have been observed (Hällfors et al., 1984; Engkvist et al., 2000; Nilsson et al., 2004; Svensson et al., 2004) . Hemmi and Jormalainen (2002) found that in nutrient-rich environments BA performed significantly better. The food quality affected consumption rates of females, and their fecundity, mass gain and intermoult duration. Mass occurrences of Idotea spp. in some Baltic Fucus belts during recent decades along the Swedish and Finnish coasts may serve as food for smaller fish and explain the drastically increased stocks of for example the 3-and 9-spined sticklebacks Gasterosteus aculeatus and Pungitius pungitius in the Baltic Sea (Bobsien, 2006; Sieben et al., 2011) . In conclusion, Idotea may act as a key species mediating both top-down and bottom-up effects in the Baltic coastal ecosystem (Fig. 7) .
Idotea spp. as Key Species and Future Scenarios
The concept of "keystone species" relates to species that can induce a top-down, trophic cascade at a relatively low biomass, whereas a "key species" drives ecosystem processes or energy flows in general (Paine, 1966 (Paine, , 1969 Piraino and Fanelli, 1999) , often caused by high biomass (Ihaksi et al., 2007) . Classical key species in the Baltic Sea are the bladder wrack (Fucus vesiculosus), the eelgrass (Zostera marina), and the blue mussel (Mytilus edulis/trossulus) Wikström and Kautsky, 2007) , whereas the common eider duck (Somateria mollissima) is suggested as a keystone species for the Gulf of Finland (Ihaksi et al., 2007) . So, can species of Idotea be regarded as key species? Weslawski et al. (2009) termed BA and CH key species along the Polish coast. They defined key species as a major predator or representing an important food source that is placed centrally in the food web. For BA and CH we know that they play an important role as grazers (Fig. 7) and serve as food for numerous fish (Table 5) . It is uncertain if GR can Salemaa, 1978; Korheina, 1981; Jormalainen and Tuomi, 1989; Bobsien, 2006 be called a key species due to the limited information about this species for the Baltic Sea, e.g., there is no information available about their role as a food source (Table 5 ), but mass occurrence has been observed in the Kalmarsund ; Table 1 ). One likely reason why GR may not qualify as a key species is their preference for open and exposed habitats (Fig. 5) where they interact less with smallsized fish that feed on benthic invertebrates. Numerous studies report significant top-down effects from Idotea grazing on epiphytes (Råberg and Kautsky, 2007b) and Idotea spp. may here act as a keystone species by promoting recruitment and growth of perennial macrophytes (Duffy et al., 2001) . The changing climate is expected to affect the Baltic Sea according to recent scenario models (Belkin, 2009; Meier et al., 2011) . Analysis of historical data (HELCOM this study) and scenarios up to the year 2100 point to an ongoing increase of sea-surface temperature of around 3-5°C and some scenarios predict a dramatic decrease in salinity of around 3-4 PSU. Our review shows that Idotea inhabit a wide range of environmental conditions in the Baltic Sea, but are likely limited to areas with an average salinity above 3 PSU for BA and CH and above 5 PSU for GR (Fig. 6) . With the present climate change scenarios combined with a possible negative interaction between tolerance to low salinities and an increasing temperature (Vlasblom et al., 1997) , the low-salinity limit for Idotea may be shifted upwards and, in the absence of evolutionary change, lead to extinction in most of the Baltic Sea. A changing climate may also negatively affect the Idotea through declines of the main substratum, Fucus vesiculosus (Fig. 7) . Higher temperature may reduce the lifespan and Tuomi et al. (1988a) found that a change of only two degrees (from 13°C to 15°C) in the Finnish Archipelago Sea compressed female BA lifespan by 10 days. There may also be other effects of temperature like increased susceptibility to pathogens. Under an experimental scenario that mimicked the 2003 European heat wave of 26°C water temperature in the southern Baltic Sea, BA responded with a significantly decreased phagocytic activity and a 50% reduction in immuno-competence (Roth et al., 2010) . There are also possible positive effects where an increased temperature with milder winters may lead to an earlier and longer breeding period with more broods per year (Fig. 7) .
The on-going eutrophication of the Baltic Sea (Voss et al., 2011) causes frequent hypoxic events with mass occurrence of a few generalists often leading to low-diversity communities (Anger, 1975) . Our review indicates that GR responds with local extinction to increased organic pollution, while BA and CH seem to be more tolerant. Anger (1975) considered Gammarus spp. and BA as indicators for local organic pollution. Zettler (2001) agreed with Anger (1975) , but replaced BA by CH. Janas et al. (2004) reported CH from sites with permanent hydrogen sulphide and findings of BA and CH on black sediment with low oxygen content are described (Korheina, 1981) . BA tolerates short-term (6 hour) exposure to hypoxia (Theede et al., 1969) , but as typical inhabitants of the upper benthic Fucus belt, BA avoids natural hypoxia. CH can be expected to survive longer under hypoxia due to habitat preferences in lagoons, shallow waters and estuaries (Fig. 5) , where hypoxia occurs naturally (Diaz and Rosenberg, 2008) . Habitat-related differences in the response to oxygen deficiency are known for BA and Idotea emarginata in the North Sea (Vetter et al., 1999) . BA is also known for its sensitivity to metal contaminations including zinc, lead and copper (Bat et al., 1999) . In summary, species of Idotea, particularly BA and CH, are expected to be even more dominant in a eutrophicated Baltic Sea although this may be tempered by the disappearance of the habitat-forming species F. vesiculosus and Z. marina.
To conclude, I. balthica, I. chelipes, and I. granulosa, are able to inhabit the Baltic Sea. As euryhaline species they are tolerant to salinity changes, and BA and CH appear to be more tolerant to low salinities than GR. The Baltic species of Idotea are all flexible in habitat and food requirements but the three species have different niches (habitat segregation) and seem to differ in their sensitivity to on-going environmental changes in the Baltic Sea. Several macroalgae, filamentous algae, phanerogams as well as animals form not only structural hosts but also nutrition for this omnivorous species. Our review supports a view that Idotea, especially I. balthica and I. chelipes, are key species in the coastal vegetation zone. They serve as food for several Baltic fish (bottom-up effect) and can have impressive grazing rates on filamentous algae (top-down effect). The Baltic Sea is one of the most impacted marine environments and the ongoing climate change is expected to strongly affect the Baltic ecosystem. Some climate change scenarios predict extinction of Idotea from large areas of the Baltic Sea. Studies are urgently needed to improve our understanding of how new pressures from global change, like overfishing, eutrophication, contaminants and a changing climate, may interact with the Idotea ecology in the Baltic Sea.
